We consider combined stimulated Raman adiabatic passage (STIRAP) and fastforward field (FFF) control of selective vibrational population transfer in a polyatomic molecule. The motivation for using this combination control scheme is twofold: (i) to overcome transfer inefficiency that occurs when the STIRAP fields and pulse durations must be restricted to avoid excitation of population transfers that compete with the targeted transfer and (ii) to overcome transfer inefficiency resulting from embedding of the actively driven subset of states in a large manifold of states. We show that, in a subset of states that is coupled to background states, a combination of STIRAP and FFFs that do not individually generate processes that are competitive with the desired population transfer can generate greater population transfer efficiency than can ordinary STIRAP with similar field strength and/or pulse duration. The vehicle for our considerations is enhancing the yield of HNC in the driven ground state-to-ground state nonrotating HCN → HNC isomerization reaction and selective population of one of a pair of near degenerate states in nonrotating SCCl 2 .
I. INTRODUCTION
It is now well established that it is possible to actively control the quantum dy- Because an adiabatic process must be carried out very slowly, at a rate much smaller than the frequencies of transitions between states of the Hamiltonian, the field strength and/or pulse duration imposed must be restricted to avert unwanted processes. Recognition of this restriction has led to the development of control protocols which we call assisted adiabatic transformations; these transformations typically use an auxiliary field to produce, with overall weaker driving fields and/or in a shorter time, and without excitation of competing processes, the desired target state population.
In an early study of a version of assisted adiabatic population transfer, Kurkal and 
where Ψ(m, t) is the coefficient of |m and R is a time-dependent parameter characterizing the temporal dependence of ω m,l . Eq. 
We seek the transition rates and potential that generates 
and the transition rates ω 
We require that f (m, 0) = f (m, T F ) = 0. As- 
and the real part leads to the driving potential
When φ n (m, R) = 0 for any R, the Schrödinger equation (3) takes the form
and Eq. (2) becomes
If φ n (m, R(t)) = 0 for any t the driving potential is arbitrary because it has no influence in the Schrödinger equation.
B. Application to a STIRAP Process
In its simplest form STIRAP is used to transfer population between states |1 and 
with Ω p and Ω S the Rabi frequencies defined
by
where E 
Because the Stokes pulse is applied before but The analysis of the preceding subsection can be applied to a three-state STIRAP process with V 0 = 0 and the identifications
. We choose R(t) = t, in which case ω 1,2 and ω 2,3 correspond to the Rabi frequencies of the pump and Stokes pulses.
The Hamiltonian corresponding to the timeindependent Schrödinger equation (2) is represented as Eq. (9). We now consider a fielddressed state
with
, and
As mentioned earlier, m = 2 is treated separately because φ 2 (2, R) = 0. For m = 2 Eqs. (7) and (8) take the form
and
respectively. Combining Eqs. (14) and (15) we obtain
Noting that φ 2 (2, R) = 0 and
It can be shown that the two equations (18) are identical by using the relations
Equations (16) and (18) determine the Rabi frequencies.
We consider a fast-forwarded STIRAP process with finite f m and vanishing diagonal elements of the driving Hamiltonian, V FF = 0. Equation (6) and
d(∆f )/dt is determined when we choose
Equation (18) determines the imaginary part of A to be
Then ω FF 1,3 is represented as
The Rabi frequency ω 
Equations (16) and (23) lead to
ω FF 1,3 in Eq. (26) is the same as the Rabi frequency of the CDF. The trajectory of A with Re[A(t)] = 0 depicted in Fig. 1(a) corresponds to the CDF. Equation (25) Fig. 3 . We take the strengths of the pump and the Stokes fields to be
where ∆τ = FWHM/(2 √ ln 2), and FWHM is the full width at half maximum of the Gaussian pulse with maximum intensitỹ E j,p(S) that is centered at T j,p(S) , and j = Table I . It is seen clearly in Fig. 3 We now take the three vibrational states and Stokes laser pulses listed in Table II, ∆f is shown in Fig. 4(a) . The phase of the Stokes field is changed by ∆f (see Eq. (16)) and the trajectory of A(t) = ω Fig. 4(b) . The amplitudes of the Rabi frequencies coupling the three states are shown in Fig. 5(a) and the time-dependence of the population of each state in the threestate system decoupled from the background states is shown in Fig. 5(b) . The data displayed clearly show that 100% population transfer is generated. As seen from Eq. (23) and Fig. 5(a) the amplitude of ω In such cases the decrease of the fidelity is partially avoidable via phase control of the 
where λ = 0 corresponds to driving the system with only the STIRAP fields and λ = 1 to driving the system with the STIRAP and the FFF; E p(S) is the pump (Stokes) field;
E FF is the FFF corresponding to the Rabi frequency in Eq. (23). In Fig. 8 
